On-and off-line identification of linear state space models by Khalid, Nurul Syahirah
  
ON- AND OFF-LINE IDENTIFICATION OF LINEAR STATE SPACE MODELS 
 
 
 
NURUL SYAHIRAH BINTI KHALID 
 
 
 
A project report submitted in partial fulfilment of the 
requirements for the award of the degree of 
Master of Engineering (Electrical - Mechatronics & Automatic Engineering) 
 
 
 
Faculty of Electrical Engineering 
Universiti Teknologi Malaysia 
 
 
 
JANUARY 2012
iii 
 
 
 
 
 
 
 
 
 
 
To my beloved mother and father 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
ACKNOWLEDGEMENT 
 
 
 
 
 I wish to thank my project supervisor, Dr. Norhaliza Binti Abd. Wahab for 
her guidance and teachings. And also would like to thank both panels for their 
guidance. I am also indebted to Universiti Malaysia Perlis (UniMAP) and the 
Ministry of Higher Education (MOHE) for funding my Masters study. 
 
 I would also wish to extend my gratitude to my parents for their support and 
their understanding. 
 
 And of course to all my friends that help me in this project 
 
 
 
 
 
  
 
 
 
v 
 
ABSTRACT 
 
 
 
 
 A geometrically inspired matrix algorithm is derived for the identification of 
state space models for multivariable linear time-invariant systems and using possibly 
noisy input- output measurements data only. In this project, only a limited number of 
input and output data are required for the determination of the system matrices. The 
algorithm can be best described and also understood in the matrix formalism and 
consists in the following two steps. First step, a state vector sequence is realized as 
the intersection of the row spaces of two block Hankel matrices which is constructed 
by apply input - output data. Then, the system matrices are obtained at once from the 
least squares solution of a set of linear equations. When dealing with noisy data, this 
algorithm draws its excellent performance from repeated use of the numerically 
stable and accurate singular value decomposition. The algorithm is easily applied to 
slowly time-varying systems using windowing or exponential weighting.  
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ABSTRAK 
 
 
 
 
 Geometri yang di ilhamkan daripada algoritma matrik di terbitkan untuk 
pengenalpastian model state space untuk sistem pelbagai parameter linear masa-
invariant dengan hanya menggunakan input-output kebisingan. Dalam projek ini, ia 
hanya memerlukan number input-output yang di hadkan untuk mendapatkan sistem 
matrik. Algoritma ini boleh dijelaskan dan di fahami dalam bentuk matrik dan 
mempunyai dua langkah. Langkah pertama, susunan state vector di ketahui sebagai 
pertemuan ruang baris oleh dua blok Hankel matrik di mana ia dibina dengan 
menggunakan input-output data sahaja. Kemudian, sistem matrik ini sekali gus di 
perolehi daripada penyelesaian persamaan linear least square. Apabila berhadapan 
dengan data kebisingan, algoritma ini menghasilkan prestasi yang sangat baik 
daripada pengulangan penggunaan angka stabil dan kejituaan Singular Value 
Decomposition. Lebih-lebih lagi algoritma ini mudah diaplikasikan pada sistem masa 
perlahan dan menggunakan teknik tetingkap atau keberatan exponential. 
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